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SOLDERING RAATERDAL BASED ON SN AG AND CU 
Background Of The Invention 

Field Off The Invention 

[0001] The invention relates to a soldering material comprising an alloy that in 
addition to Sn (tin) as the major constituent, comprises 10 wt.% or less Ag 
(silver), 10 wt.% or less Bi (bismuth), 10 wt.% or less Sb (antimony) and 3 wt.% 
or less Cu (copper). Furthermore, the invention relates to a soldering material 
comprising a plurality of soldering components with such alloy compositions 
and contents in the soldering material that on fusing the soldering components 
an alloy is formed that comprises Sn, Ag, Bi, Sb and Cu in the abovementioned 
alloy contents. 

Brief Descroption Off Related Technology 

[0002] Soldering materials of the abovementioned composition are particularly 
used when commonly used lead-containing soldering materials need to be 
replaced because of their unfavorable environmental compatibility. Thus, for 
example in International Patent Publication No. WO 01/03878, a soldering 
material is described, that in addition to Sn as the major constituent, comprises 
up to 10% Ag, up to 5% Cu, up to 10% Sb and up to 10% Bi. In addition, a 
soldering material is known from European Patent Application No. EP 0 629 
466 A1 and which comprises at least 90 wt.% Sn and further constituents Ag, 
Bi, Sb and Cu. Moreover, a soldering material is known from International 
Patent Publication No. WO 00/48784. formed from a plurality of soldering 
components as a reaction solder, which on melting of the solder components 
forms an alloy, in which in addition to Sn as the major component are 
comprised 1-10% Bi, up to 5% Sb, up to 3% Cu and up to 6% Ag. 
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[0003] The cited soldering materials are based on the SnAgCu-ternary system, 
which particularly for the composition SnAg3.8Cu0.7 forms a eutectic with a 
melting point of 217°C. It is also known that this melting point can be reduced, 
for example by alloying with Bi to an alloy content of up to 10 wt.%. Bismuth 
can also find use as a component in a reaction solder, for example the eutectic 
SnAgCu alloy mentioned above, is mixed as one component with Sn43Bi47 as 
the other component with a melting point of 138 °C, such that the reaction 
solder begins to melt at a markedly lower temperature. 

SURflMARY OF THE IMVEMTiOM 
[0004] The object of the invention consists in specifying a soldering material 
based on the SnAgCu-system, which exhibits a comparatively low melting point 
and at the same time is designed for the highest possible usage temperatures 
of the soldered joints being formed. 

[0005] According to the invention, this object is achieved when the alloy of the 
soldering material additionally comprises 1.0 wt.% or less Ni (nickel). For the 
case where, for example, the soldering material is formed with a plurality of 
solder components as a reaction solder, the object is achieved according to the 
invention when at least one of the solder components further comprises Ni in 
such an amount that the alloy resulting from the fusion of the solder 
components comprises 1.0 wt.% or less Ni. 

DETAILED DESCRIPTIOM OF THE IMVEMTIOM 
[0006] For the six-material system obtained in this way, it has been shown that 
the melting point of the soldering material drops below the eutectic melting 
point of the ternary system SnAgCu of 217X, such that at a peak temperature 
in a reflow solder oven of 230°C, a sufficient difference in melting point of the 
soldering material is ensured to enable a reliable formation of the solder joint 
being produced. This accounts for the fact that manufacturers can no longer 
guarantee the maximum values of heat transfer into the soldered components 



H 06020 PCT/ US 

-3- 

of 260°C for a period of 10 seconds, as specified in lEC, for modern 
components of complex assemblies. The permissible peak temperatures for 
these so-called advance packages are at 230°C for a period of 10 seconds. 

[0007] The melting point of the soldering material obtained by alloying up to 1 
wt.% or less nickel to the five-material system SnAgCuBiSb is not substantially 
altered. However, it was surprisingly found that the alloying of Ni Is associated 
with a marked improvement in creep resistance of the soldering material. 
Advantageously, in this manner increased operating temperatures of the 
soldered joint are possible. Today's often required operating temperatures of 
up to 150°C can therefore be guaranteed without problem by the use of the 
inventive soldering material. By selective adjustments of the alloy contents of 
the inventive six-material system, a soldering material can even be prepared 
which meets the already partially required operating temperatures of up to 
ISOX. 

[0008] The improvement in the creep resistance of soldered joints from the 
inventive soldering materials can be explained by the fact that Ni forms 
intermetallic phases with Bi (NiBi with ca. 75 wt.% Bi or NiBis with ca. 91 wt.% 
Bi) which preferentially separate out at the grain boundaries, thereby leading to 
a dispersion hardening of the soldered structure. At the same time, elemental 
Bi is displaced into the interior of the grains, causing a solid solution hardening, 
which also contributes towards an improvement in the creep resistance. In 
addition, this prevents the alloy component Bi from forming, particularly with 
Sn, local alloy compositions having low-melting eutectics, which would lead to a 
local melting of the solder joint at low temperatures and thereby to a dramatic 
fall in creep resistance (eutectic of the alloy system SnBi, for example at 
138X). 

[0009] The positive effect of Ni on the creep resistance, mentioned above, by 
the action of Ni on the alloy component Bi, is however only observed if the 
content of Bi in the alloy composition does not exceed 10 wt.%. In this respect 
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there is a marked difference to a soldering material according to Gemrtan 
Patent Document No. DE 199 04 765 A1, in whicfi Sn, Ag, Cu, Bi, Sb and Ni 
containing alloys are indeed disclosed, however the Bi content of the alloy 
ranges from 43 to 58 wt.%. Due to the already mentioned eutectic of the SnBi 
system of 138X, this leads to the soldering materials disclosed in German 
Patent Document No. DE 199 04 765 A1 having melting points not higher than 
140°C. A qualification of these soldering materials for soldered joints with an 
operating temperature of up to ISO'C is therefore not given, as these soldering 
materials would be already liquid at 150°C. Due to its more than 20% higher Bi 
content when compared with the inventive soldering material, the hardening 
mechanisms described for the inventive soldering material are, incidentally, not 
applicable to the soldering material of Gemian Patent Document No. DE 199 
04 765A1. 

[0010] According to the invention, the alloy comprises 2 to 5 wt.% Ag, 1 to 3 
wt.% Bi, 1 to 3 wt.% Sb. 0.5 to 1.5 wt.% Cu and 0.06 to 0.3 wt.% Ni. Alloying 
the alloy elements to Sn in the specified ranges has proved to be particularly 
advantageous because the SnAgCu-system is present as the basis of the alloy 
in the near-eutectic range and due in particular to the further alloying 
components Bi, Sb and Ni, a balanced combination of a decrease in melting 
temperature with respect to the SnAgCu eutectic and an improvement in creep 
resistance can be attained. In this connection, the particular importance of the 
Ni content in the alloy is to be mentioned; Ni is only soluble up to about 0.2 
wt.% in the structure of the soldered joint, and thus the nickel content above 0.2 
wt.% provokes the precipitation of other alloying elements, primarily at the grain 
boundaries, thus affording a dispersion hardening. 

[0011] A special reaction solder or also strip solder is obtained with a soldering 
material comprising a soldering component Ml and a further soldering 
component M2 (see FIG. 1), in which the soldering component Ml, in addition 
to Sn as the major constituent, comprises 2 to 5 wt.% Ag, 3 to 12 wt.% Bi, 0.5 
to 1.5 wt.% Cu and 0.1 to 0.3 wt.% Ni and the further soldering component M2, 
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in addition to Sn as the major constituent, comprises 2 to 5 wt.% Ag, 0.5 to 1.5 
wt.% Cu, 1 to 5 wt.% Sb and 1.0 wt.% Ni. According to another aspect of the 
invention, a further reaction solder/strip solder consists of a soldering material 
wherein a soldering component Ml and a further soldering component M2 are 
provided in which the soldering component M^, in addition to Sn as the major 
constituent, comprises 2 to 5 wt.% Ag, 3 to 6 wt.% Bi, 1 to 3 wt.% Sb and 0.5 to 
1.5 wt.% Cu and the further soldering component M2, in addition to Sn as the 
major constituent, comprises 2 to 5 wt.% Ag, 0.5 to 1.5 wt.% Cu and 1.0 wt.% 
Ni. 

[0012] In both variants of the reaction solder/strip solder, the Bi content of the 
soldered joint being formed is concentrated in the solder component Ml, while 
the solder component M2 is Bi-free. In this manner the melting point of the 
solder component Ml is lowered with respect to that of the solder component 
M2, and solder components of various melting points are combined with each 
other in the soldering material. The low-melting solder component 
advantageously wets the surfaces to be soldered (e.g. on component and 
substrate) already at low temperatures. During the soldering process there 
results an alloy formation between the solder components Ml and M2, wherein 
the resulting homogeneous alloy has a higher melting point than the lower 
melting solder component Ml. The resulting alloy compositions of the 
homogeneous alloy advantageously possess, as described above, a higher 
creep resistance. In this way the abovementioned, required use temperatures 
for the soldered joint are ensured. Comparisons of the processing of formulated 
solder powders based on a single solder component and reaction solder 
powders based on a mixture of two solder components have moreover 
demonstrated that the process temperatures for the soldering process can be 
reduced by about 5 to 10°C. This can be explained as follows: after exceeding 
the melting temperature of the low-melting solder component M1. the higher 
melting solder component M2 is solubilized by the molten solder component 
Ml , and the contact surfaces of the soldered joint are wetted even substantially 
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below the melting temperature of the alloy under fonnation, I.e. the alloy that 
results from the homogeneous mixture of the solder components M1 and M2. 

[0013] In a further aspect of the invention, the solder component IVil and the 
further solder component M2 are combined in the ratio M1 : M2 = 1 : 1 .5 to 9, i.e. 
at least in the ratio 1: 1.5 and at the most in the ratio 1: 9, based on the weight 
of M1 and M2. Advantageously, different alloy contents can be produced in the 
required alloy by varying the mix ratio M1: M2, wherein only the two solder 
components M1 and M2 serve as the source for these different alloy contents. 
In this way, soldering materials can be advantageously produced particularly 
economically as the storage costs for only a few solder components remain 
correspondingly low. 

[0014] In yet a further aspect of the invention, an alloy is provided with a ratio 
Sb:Bi from 1:1.5 to 3, i.e. a ratio of at least 1:1.5 and at most 1:3, particularly 
however a ratio of 1:2, based on the weight of Sb and Bi. This Sb:Bi ratio range 
has been shown to form a particularly fine structure with a low grain size in the 
soldered joint. In this context it was observed that a solution of up to 0.2 wt.% 
Ni in the structure produced a reduction in grain size. This effect is strongest for 
a mix ratio Sb: Bi of 1 : 2, and thus the grain size can be controlled by varying 
this Sb:Bi ratio within the abovementioned range. 

[0015] In yet another aspect of the invention, an alloy is provided having a Ni- 
content of 0.05 to 0.2 wt.%. For these contents of Ni below the solubility limit of 
ca. 0.2 wt.% Ni, only limited nickel-containing precipitations occur in the 
structure of the soldered joint. On exceeding the Ni-content of 0.2 wt.%, the Ni- 
containing precipitations Increase, particularly at the grain boundaries, thus 
allowing the previously cited process of dispersion hardening to be controlled. 
Of course, for Ni-contents of less than 0.2 wt.%, there also exists a correlation 
between an increasing Nl-content and an increase in finely dispersed 
distributed precipitates; indeed, the formation of precipitates below the solubility 
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limit of Ni is determined by the adjustment of equilibria between soluble and 
precipitated Ni. 

[0016] A particularly advantageous soldering material for use as a solder has 
the composition SnAg3.3-4.7Cu0.3-1.7Bi2Sb1Ni0.2. The advantages of using 
the alloying elements Bi, Sb and Ni have already been described. The cited 
compositions of the base alloy SnAgCu are near-eutectic compositions with 
respect to the SnAgCu eutectic. Hypoeutectic compositions of the base system 
are preferred, as these compositions are observed to form finer particles 
(precipitates) in reflow soldering. 

[0017] A particularly advantageous soldering material that is used as reaction 
solder or strip solder comprises a soldering component Ml with the alloy 
composition SnAg3.8Cu0.7Bi10Ni0.15 and a further soldering component M2 
with the alloy composition SnAg3.8Cu0.7Sb2.0Ni0. 15. When forming the target 
alloy from the solder components, a eutectic composition is advantageously 
reached for the SnAgCu base system. 

[0018] Advantageously, the contents of the soldering component M1 and the 
further soldering component M2 in the soldering material fomi the ratio 
M1:M2 = 30 wt.%:70 wt.%. The Bi-content is then 3 wt.% and the Sb-content 
1.4 wt.%, whereby the condition Sb:Bi = 1:2 is approximately attained. 

[0019] The effects of a variation of the alloy contents of the individual alloy 
proportions for the inventive six-element alloy are qualitatively represented in 
FIG. 1 . In each case shown, Sn forms the major component, i.e. the Sn-content 
depends on the alloy content of the further alloy components so as to complete 
the alloy to 100 wt.%; naturally not taking into account further trace amounts of 
contaminants that are not intended in the context of this application to be 
understood as alloying elements. Independently of this, contaminants may also 
have a positive impact on the use of the soldering material. Thus, a phosphorus 
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content In the per thousand range (based on weight), for example, Is expected 
to Improve the oxidative properties of the soldered joint. 

[0020] The ranges in wt.% next to the arrows in FIG. 1 represent standard 
values for the individual alloy contents, which have demonstrated from a 
number of factors that the property profile of the resulting soldered joint Is 
particularly advantageous. However, in the context of the invention, this should 
not be understood as a limitation on the claimed ranges for the individual alloy 
components. Rather, the requirements of the specific case can lead to solder 
alloy compositions that lie outside the advantageous ranges shown in FIG. 1 
and which must be individually determined by experimentation. 



[0021] The an-ows are indicated by letters that denote each investigated 
property presented in the Table below. The anrows each point in the direction In 
which the corresponding property Increases on varying the alloy content. 



Arrow 


ADDoyIng componenlt 


Affectod property 


A 


Ag 


Resistance to dealloying 


B 


Sb, Ni 


Dealloying rate 


C 


Ag, Cu, Bi 


Thermal stability/creep resistance 


D 


Bi 


Compression strength 


E 


Ag, Cu, Bi 


Shear resistance 


F 


Ni 


Promoter for formation of 
precipitates 


G 


Ag 


Size of precipitates 


H 


Sb 


Homogenization of the structure 


1 


Bi 


Lowers initial melting in the melting 
range 


K 


Sb 


Lowers the upper limit of the melting 
range 
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[0022] The soldering material can be used in all common shapes like bars, 
rods, wires, films, powder or coatings. The contacts to be soldered, for example 
can be coated, it being possible to coat one contact with the solder component 
M1 and the other contact with the solder component M2. Layered solders can 
also be manufactured by coating, in which the solder components M1 and M2 
alternate. Fundamentally, soldering materials having more than two 
components are also imaginable, the layered solder consisting of layers coated 
on top of each other in the appropriate order. 

[0023] The solder components M1 and M2 and possibly further solder 
components can also be mixed with one another in powder form so as to create 
a reaction solder. The powdered soldering material can, of course, also be 
treated with a binder to form a solder paste. 



